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rachial plexus nerve root avulsion injuries result in paralysis of the affected arm that will not recover without treatment. 1 Cell transplantation therapies at the site of nerve root reimplantation could improve axon regeneration after these injuries. In the most economical animal model, the rat, accurate intradural avulsion and reimplantation of cervical ventral nerve roots to test new cell therapies are difficult. [2] [3] [4] [5] To address the lack of detailed reports describing this technically challenging procedure, we describe improvements to a unilateral dorsal surgical approach to avulse the C8 and/or T1 nerve roots intradurally. These improvements substantially enhanced the success rate of the procedure in a series of 40 Sprague Dawley rats.
All procedures were approved by the ethical review process of the University College London Institute of Neurology and were in accordance with United Kingdom legislation [Animals (Scientific Procedures) Act 1986]. A custom made animal support molded from plasticine flexes the rat cervical spine to increase the interlaminar space. Using the spinous process of T2 as an anatomical landmark the levator auris longus, platysma and trapezius muscles are sectioned at the midline and retracted (See Figure, Supplemental Digital Content 1, which displays the anatomy of the Sprague Dawley rat brachial plexus. Left shows the brachial plexus nerve roots and ganglia attached to the cervical spine. The lamina of T1 and C7 vertebra have been removed to show the T1 and C8 nerve roots. Right shows the cervical dorsal root ganglia, ventral roots, and brachial plexus. Dorsal roots have been removed. The T1 ventral nerve root consists of 2 main rootlets indicated by white stars. http://links. lww.com/PRSGO/A155; See Video 1, Supplemental Digital Content 2, which demonstrates the location and exposure of the T1/C7 vertebra via a dorsal approach using the spinous process of T2 as an anatomical landmark. The lamina, transverse process and pedicle are drilled and a T1/C7 hemilaminectomy performed to create a sufficient surgical window. This video is available in the "Related Videos" section of the full-text article on http://www.PRSGlobalOpen.com or available at http://links.lww.com/ PRSGO/A156). Meticulous hemostasis throughout the procedure using biopolar cauterization, Floseal (Baxalter, Staines-upon-Thames, UK), gauze packing, and blunt dissection techniques are vital to minimize blood pooling in the visual field. Underlying paraspinal muscles are pushed laterally with forceps and retractors. The hemilamina of T1 and C7 are removed with bone rongeurs, along with the associated transverse process and facet joint. Thinning of the lamina and transverse process by drilling with a 0.7-mm burr aids gentle removal (See Video 1, Supplemental Digital Content 2, which demonstrates the location and exposure of the T1/C7 vertebra via a dorsal approach using the spinous process of T2 as an Viewpoints anatomical landmark. The lamina, transverse process and pedicle are drilled and a T1/C7 hemilaminectomy performed to create a sufficient surgical window. This video is available in the "Related Videos" section of the full-text article on http://www.PRSGlobalOpen.com or available at http://links.lww.com/ PRSGO/A156). The pedicle of C7 is also drilled until almost level with the posterior aspect of the vertebral body and the anterior aspect of the canal. A dural/ arachnoid mater flap is then created by opening the dura close to the midline using a 30G needle and custom-made tungsten nerve hook ( Fig. 1 and see Video 2, Supplemental Digital Content 3, which shows the opening of the dura and transection and retraction of the T1 dorsal root using the custom made nerve hook. The dura is retracted with sutures, and 1 of the 2 T1 ventral rootlets is avulsed using the nerve hook. This video is available in the "Related Videos" section of the full-text article on http://www.PRSGlobalOpen.com or available at http://links.lww.com/ PRSGO/A157). This is retracted and held in place with two 10/0 sutures. Absorption spears are useful to stem bleeding from epidural vessels. The dorsal root is carefully lifted, transected, and retracted using the nerve hook and needle. The ventral root can now be visualized, and all rootlets accurately avulsed close to the cord surface using the nerve hook and forceps ( Fig. 2 and see Video 2, Supplemental Digital Content 3, which shows the opening of the dura and transection and retraction of the T1 dorsal root using the custom made nerve hook. The dura is retracted with sutures, and 1 of the 2 T1 ventral rootlets is avulsed using the nerve hook. This video is available in the "Related Videos" section of the full-text article on http://www.PRSGlobalOpen.com or available at http://links.lww.com/PRSGO/A157; see Video 3, Fig.1 . Custom-made nerve hook for manipulating the dura and cervical nerve roots. this is made by filing a tungsten needle (bottom) to form a small flat surface with smooth edges that can be curved using forceps to the optimal length and angle for hooking the rat cervical nerve roots. small blue interval markers indicate 1 mm. Video 1. see video, supplemental Digital Content 2, which demonstrates the location and exposure of the t1/C7 vertebra via a dorsal approach using the spinous process of t2 as an anatomical landmark. the lamina, transverse process and pedicle are drilled and a t1/C7 hemilaminectomy performed to create a sufficient surgical window. this video is available in the "Related Videos" section of the full-text article on http://www.pRsGlobalopen.com or available at http://links. lww.com/pRsGo/A156. Video 2. see video, supplemental Digital Content 3, which shows the opening of the dura and transection and retraction of the t1 dorsal root using the custom made nerve hook. the dura is retracted with sutures, and 1 of the 2 t1 ventral rootlets is avulsed using the nerve hook. this video is available in the "Related Videos" section of the full-text article on http://www.pRsGlobalopen.com or available at http://links.lww.com/pRsGo/A157.
Oprych and Kalsi • Improvements to a Ventral Root Avulsion Model in Rodents
Supplemental Digital Content 4, which demonstrates using the hook and forceps, the second ventral rootlet is passed underneath the obstructing blood vessel and avulsed. The pia is opened and the ventral root reimplanted in the ventrolateral cord. This video is available in the "Related Videos" section of the fulltext article on http://www.PRSGlobalOpen.com or available at http://links.lww.com/PRSGO/A158) Before this, denticulate ligaments must be severed to avoid tension on the cord or surrounding blood vessels when the ventral root is hooked (see Video 2, Supplemental Digital Content 3, which shows the opening of the dura and transection and retraction of the T1 dorsal root using the custom made nerve hook. The dura is retracted with sutures, and 1 of the 2 T1 ventral rootlets is avulsed using the nerve hook. This video is available in the "Related Videos" section of the full-text article on http://www. PRSGlobalOpen.com or available at http://links. lww.com/PRSGO/A157). Often large blood vessels are associated with the ventral root, but with careful manipulation, these can be avoided (see Video 3, Supplemental Digital Content 4, which demonstrates using the hook and forceps, the second ventral rootlet is passed underneath the obstructing blood vessel and avulsed. The pia is opened and the ventral root reimplanted in the ventrolateral cord. This video is available in the "Related Videos" section of the fulltext article on http://www.PRSGlobalOpen.com or available at http://links.lww.com/PRSGO/A158). The ventral root can now be reimplanted into the ventrolateral cord with experimental cellular therapies and secured with Tisseel (Baxter).
In summary, the techniques outlined; meticulous hemostasis, lamina, transverse process, and pedicle drilling, creating a dural/arachnoid flap, use of dural sutures, a custom-made animal support and nerve hook, substantially improve the access and visibility of the ventral root from a dorsal surgical approach. Accurate avulsion close to the spinal cord surface is easier to achieve, and success rates were improved from 9 out of 20 to 19 out of 20 procedures. Fig. 2 . the surgical view of the t1 ventral rootlets created using the described approach. often blood vessels may run alongside the ventral rootlets. to avulse the nerve root without excessive bleeding, the rootlets must be passed underneath the blood vessel and hooked from the opposite side (see Video 3, supplemental Digital Content 4 which demonstrates using the hook and forceps, the second ventral rootlet is passed underneath the obstructing blood vessel and avulsed. the pia is opened and the ventral root reimplanted in the ventrolateral cord. this video is available in the "Related Videos" section of the full-text article on http://www.pRsGlobalopen.com or available at http://links.lww.com/pRsGo/A158). Video 3. see video, supplemental Digital Content 4, which demonstrates using the hook and forceps, the second ventral rootlet is passed underneath the obstructing blood vessel and avulsed. the pia is opened and the ventral root reimplanted in the ventrolateral cord. this video is available in the "Related Videos" section of the full-text article on http://www.pRsGlobalopen. com or available at http://links.lww.com/pRsGo/A158.
